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OBSERVATIONS ON AN ACHLYA LACKING SEXUAL 
REPRODUCTION 

Wm. H. Weston 

The following paper embodies the results of the writer's investi- 
gation of a Saprolegniaceous fungus which shows the zoospore pro- 
duction characteristic of the genus Achlya, but which lacks sexual 
reproduction. The resistant function exercised in most species of 
Achlya by the sexually produced spores is apparently assumed, in 
the form to be described, by large, heavy-walled spores of non-sexual 
origin, and sharply defined morphological characteristics. Structures 
of a similar nature have been recorded in other Saprolegniaceae; but 
this form is unique in that its reproduction is limited to the zoosporan- 
gia and to these structures which are of a particularly distinct type. 
In contradistinction to the zoospores, these bodies are resistant to 
unfavorable conditions. It seems advisable, therefore, to avoid the 
implications of the names "conidia," "chlamydospores," "gemmae," 
"Sporangienanlage," "resting sporangia," or "resting spores," gen- 
erally used for these structures; and to employ simply the term 
"resistant spores." 

The writer realizes only too well the incompleteness of this study; 
and regrets that the untimely destruction of stock cultures has pre- 
vented the further physiological and cytological investigations which 
had been planned. These results are presented for publication in the 
hope that they may prove of interest to those working in the same 

field. 

MATERIAL AND METHODS 

The fungus appeared on dead flies dropped into a culture containing 
sediment and algae from a stone watering trough at Waverly, Mass. 
For over two years gross cultures of the fungus were successfully 
maintained in battery jars cooled in running water, and covered with 
glass to exclude the dust. 

Pure cultures were obtained by the following methods. 

i. A young sporangium was washed repeatedly in sterile water, 
and allowed to discharge zoospores in a drop of sterile water on a 
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slide. This drop was then added to 2 or 3 cc. of sterile water in an 
atomizer, and the resulting mixture sprayed on the surface of 2 percent 
beef-extract agar in petri dishes. By examination with a binocular 
microscope, the positions of single isolated zoospores were noted and 
marked. After two or three days of growth in a cool place, bits of the 
uncontaminated peripheral portions of the mycelia arising from these 
zoospores were transferred on agar chips to fresh nutrient substratum. 

2. A large number of vigorous resistant spores were washed re- 
peatedly in sterile water and plated out in a separation culture series 
of four or five plates of 2 percent beef extract agar. The spores were 
sufficiently resistant to remain uninjured by their exposure to the hot 
agar, and promptly germinated. In the last two or three plates some 
of the mycelia arising by germination of the isolated resistant spores 
were found to be uncontaminated; and from them transfers were 
made to fresh nutrient material. 

When uncontaminated mycelia of the fungus had been obtained 
by the above methods, stock cultures were maintained on firm corn- 
meal mush in 500 cc. flasks. For the investigation of the fungus, 
mycelia were grown in petri dishes in nutrient solutions of beef-extract, 
and of pea, corn, bean, and other vegetable decoctions, and transferred 
to sterile water or to various solutions in petri dishes or hanging drop 
cultures for further development according to the methods already 
worked out by Klebs (7), Kauffman (6), Obel (13), Pieters (14), and 

others. 

DEVELOPMENT OF THE FUNGUS 

The normal life cycle of the fungus comprises the establishing of a 
branched mycelium which gives rise to large numbers of zoosporangia 
of the Achlya type. At first these zoosporangia are produced ex- 
clusively; but gradually they are superseded by abundant resistant 
spores which continue to be formed until the mycelium is exhausted. 
This regular cycle was observed for a space of two years in the original 
gross culture in which the fungus appeared; and since the conditions 
there probably closely approximated those of its natural habitat, we 
may infer that it would follow the same cycle in nature. 

In battery-jar cultures like those mentioned above, species of 
several Saprolegniaceous genera have been found by the writer to 
maintain their normal cycles of sexual as well as non-sexual repro- 
duction for long periods of time. This Achlya, however, under these 
conditions continued for two years to follow its cycle of unbroken 
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non -sexual reproduction. Under pure culture conditions, also, my- 
celia, grown on sterilized flies, or transferred from various nutrient 
solutions to water, developed Achlya zoosporangia followed only by 
resistant spores. 

The reactions of the fungus when subjected to culture conditions 
designed to induce sexual reproduction will be discussed later, the 
phases of its normal development now being considered in detail. 

Zoosporangia. — The vegetative mycelium of the fungus, whether 
in gross or pure culture, consists of non-septate, branching hyphae 
that show no apparent difference from those of other species of Achlya. 
In gross cultures, as has been stated above, the first reproductive 
structures to which the mycelium normally gives rise are zoosporangia. 
In pure cultures, well nourished mycelia can be induced to form zoo- 
sporangia in abundance by a distinct and rapid decrease of the food 
supply according to the methods of Klebs (7), Kauffman (6), Horn 
(4), and Pieters (15). 

The process of sporangium development and spore formation in 
this Achlya is quite normal, agreeing in its external features with the 
description of Ward (17) for Achlya polyandra de B., and Humphrey 
(5) for Achlya Americana Humph. No detailed description need 
therefore, be given here. 

The fully developed sporangia are cylindrical (Fig. 12) to fusiform 
(Fig. 1) in shape, and vary greatly in size. They are formed in basi- 
petal series, or renewed by side branching (Fig. 12), but never by 
growth of the sporangiophore through the empty sporangium. 

Escape of the sporangiospores from the sporangium is through a 
terminal papilla of dehiscence; and in connection with the mouth of 
the sporangium is formed the sphere of the encysted spores (Fig. 1) 
which is characteristic of the genus Achlya. From each encysted 
spore (Fig. 2) thus situated .there may emerge under the proper con- 
ditions a zoospore of the laterally biciliate Achlya type. The en- 
cysted spores average 10.5 fi in diameter while the zoospores measure 
about 12.5 ju by 9 /u. 

In shape these zoospores are ovoid with a flattened side bearing a 
longitudinal groove or sinus from which arise the two cilia (Fig. 3). 
It is unfortunate that investigators have been content to describe and 
figure this type of zoospore in the Saprolegniaceae as "bean " or " kid- 
ney" shaped. A careful examination of the living spores under a Zeiss J 
water-immersion lens readily proves these terms to be inadequately 
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descriptive or even misleading. Edson (2) for his most interesting 
new genus Rheosporangium describes a similar type of spore (p. 285) 
as "plano-convex or slightly concavo-convex, with a central vacuole, 
and on the flattened side a sinus from the bottom of which the two 
cilia of unequal length arise." The description and the accompanying 
figures agree in general with the writer's observation of this type of 
spore in Achlya, Thraustotheca, Dictyuchus, and other genera of the 
Saprolegniaceae. 

Upon emerging from the cysts the zoospores swim actively about 
for as long as thirty minutes if in pure water, and then round off, 
lose their cilia, and encyst (Fig. 4). These encysted zoospores ger- 
minate either directly or after a period of rest according as available 
nutriment is present or absent. Germination takes place by the out- 
growth of a tube (Fig. 5) which shows scanty development, or which 
ultimately forms an extensive mycelium, the amount of growth being 
proportionate to the amount of available nutriment. 

Resistant Spores. — In the details of its life history as considered 
thus far, the fungus is a typical Achlya. The formation of a hollow 
sphere by the sporangiospores at liberation, the character of the 
zoospores which emerge, and the method of sporangium renewal are 
distinguishing characteristics of the genus. In its further develop- 
ment, however, the fungus differs from any Achlya hitherto recorded 
in that zoosporangium formation is normally followed by the produc- 
tion not of sexual organs, but of heavy-walled resistant spores of a very 
distinct type. Both in gross and in pure culture, formation of these 
resistant spores follows the production of zoosporangia with remarkable 
regularity. Resistant spores are produced exclusively, however, under 
the conditions found by Klebs (7) to inhibit the formation of zoo- 
sporangia, although favoring the development of "gemmae." Par- 
ticularly is this true of 1 percent agar solution. 

Although this Achlya is truly an aquatic fungus, these resistant 
spores are produced in culture not only in liquids but also aerially on 
solid media. In flask cultures on fairly dry cornmeal they are formed 
in especial abundance. When such a culture is inoculated with a 
bit of mycelium, a vigorous growth ensues, covering the surface of the 
medium from which innumerable stout hyphae with dense whitish 
content push up into the air. On examining such a culture with 
a binocular microscope after three or four weeks, large numbers of 
resistant spores can be seen especially around the edge of the culture. 
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Most of these spores are formed in chains, and in some cases the 
terminal spores abjuncted by the pressure of the spores below are 
tipped over sideways, although still remaining attached. That these 
resistant spores should be borne aerially is of interest because of the 
close analogy presented to the aerially borne conidia of certain of the 
Peronosporaceae. It does not seem justifiable, however, to regard 
this phenomenon as of any further significance than an instance of 
convergenec, of parallel development, in the two families. 

The process of resistant spore formation takes place as follows: 
The tip of a hypha becomes densely filled with coarsely granular pro- 
toplasm carried up by the streaming of the currents in the peripheral 
protoplasm. Gradually more and more material is accumulated in the 
tip forming a dense mass which slowly extends downwards to the base 
of the spore initial. Meanwhile the tip of the hypha swells to the 
spherical or oval shape of the mature resistant spore; and finally the 
spore initial is separated from the hypha by a wall. Around the inner 
surface of the terminal cell thus cut off, a wall of varying thickness is 
laid down by the dense, coarsely granular protoplasm which occupies a 
peripheral position around a large vacuole (Fig. 9). 

After the terminal resistant spore has been formed, as just de- 
scribed, other resistant spores are generally formed in basipetal suc- 
cession under the first as in figures 6, 9, and 10, giving a torulose 
series closely resembling the catenate oogonia of Saprolegnia torulosa 
de B. In gross cultures, the resistant spores are generally formed in 
this fashion, giving a very striking and characteristic appearance to 
the plant. After a time the fragile outer wall of the resistant spore is 
ruptured (Fig. 9), and the spore is set free in the water to be washed 
about and then to slowly settle to the bottom. Further development 
varies with the conditions of the environment, and will be considered 
later. 

The resistant spores are generally formed in a terminal series as 
above described, but they may be intercalary (Figs. 7 and 8) or may 
form branching systems of various types. In shape the resistant spores 
are spherical, cylindric, oval, or less often pyriform, or clavate. Under 
conditions closely approximating those of nature, the resistant spores 
are spherical (Fig. 10) or oval; and on fairly dry cornmeal cultures, 
they are the same. On vegetative mycelia transferred to sterile 
water and to solutions of various sorts, the resistant spores which are 
formed are at times cylindrical or club-shaped (Figs. 1 and 12). In 
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solutions of harmful concentration or at a temperature approaching 
the maximum, they tend to be irregular in shape (Fig. 8). In size 
the spores average about no/i in diameter, the size being apparently 
correlated with the vigor of the mycelium. The walls of the resistant 
spores formed aerially on rather dry cornmeal, or in water cultures 
kept cold, are thick (Fig. 10) ; but in spores grown in various solutions 
at laboratory temperature, the thickness is often less (Fig. 12). By 
chloroiodide of zinc the walls are colored not blue, but a muddy brick- 
red, showing that their composition is not of pure cellulose, and re- 
calling the reaction of the oogonial walls of other Saprolegniaceous 
species. 

Germination of the resistant spores varies with the environmental 
conditions to which these bodies are subjected. In water in the 
absence of food material, a tube is sent out which, after greater or less 
growth, gives rise to a perfectly normal Achlya sporangium (Fig. 12). 
In nutrient solutions, however, or on nutrient agar, germination is in- 
variably siphonoblastic, the tube or tubes of germination rapidly 
giving rise to an extensive mycelium (Fig. 11). At laboratory tem- 
perature the resistant spores germinate in from twenty-four to forty- 
eight hours in the presence of nutriment, and somewhat more slowly 
in pure water. Germination need not be preceded by a period of rest; 
since no particular difference in behavior was observed between spores 
just formed and those two to four weeks old. The spores are very 
resistant to cold, those from one culture surviving an exposure to 
outdoor conditions during two winter months in which the water was 
repeatedly frozen and thawed. The writer has made no extensive 
investigation of the degree of resistance to extremes of temperature 
or to desiccation shown by resistant spores. There has been demon- 
strated, however, a degree of resistance that may perhaps be regarded 
as an indication that these spores play for the fungus the resistant 
r61e usually assumed in others of the family by spores of sexual origin. 

The formation of zoosporangia and resistant spores as described 
above completes the reproduction of the fungus. Under natural 
conditions of growth, the formation of sexual organs was never ob- 
served to take place throughout the two years in which the fungus was 
under investigation. Many attempts to induce the formation of 
oogonia and antheridia were made without success. Hoping to stim- 
ulate sexual reproduction vigorous mycelia were subjected to the 
influence of the solutions by means of which Klebs (7), Kauffman (6), 
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Obel (13), and others, had successfully induced the formation of 
sexual organs in other members of the family. Various concentra- 
tions of haemoglobin, of leucin, of potassium, sodium, and calcium 
phosphates, and of other substances were tested; but in no case was 
the production of sexual organs achieved. The effect of various 
temperatures and of changes in temperature was also tried; and the 
rapid or gradual drying of cultures was attempted. Moreover 
starving was resorted to, the fungus being grown on synthetic media 
containing a minimum of nutriment or on such natural substrata as 
pomace flies that had been thoroughly leached out and then dried. 
Dwarfed plants were produced, but no oogonia or antheridia developed. 
In all the cases above, a more or less copious formation of resistant 
spores resulted; but no production of sexual organs occurred. 

DISCUSSION 

The formation of bodies of non-sexual origin resembling to some 
extent the resistant spores of the foregoing description has been re- 
corded in nearly every genus of the Saprolegniaceae. In most of the 
cases on record these structures appear to be transient resistant stages 
which do not arise under conditions of the environment favorable to 
zoospore formation, but are induced by extremes of temperature, by 
foul water, or by other unfavorable conditions. As Klebs (7) has 
shown, the production of "gemmae" (as he termed these structures) 
takes place when the fungus mycelium is subjected to conditions of 
environment permitting of growth and yet prohibiting zoospore 
formation. The conditions to which the Saprolegniaceae were sub- 
jected during investigation, before methods of pure culture were 
introduced, quite generally resulted in the formation of numerous 
structures of this sort. No reference to the occasional descriptions of 
these bodies need be made here, since the literature has been carefully 
covered in the monographs of Fischer (3) and von Minden (12). It 
may not be amiss, however, to recall one interesting instance discussed 
in an early paper by Walz (16). In Saprolegnia dioica Prings. he 
described a type of reproduction which at that time was unknown for 
the Saprolegniaceae, namely, the formation of the thick-walled bodies 
produced ' in basipetal succession at the ends of the hyphae. The 
resemblance between these structures (cf. Walz, Fig. 20) and the re- 
sistant spores of the Achlya described above (Figs. 6 and 10) is re- 
markably close. It would be of interest to know whether these bodies 
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were formed in addition to the sex organs or took their place. Walz, 
however, does not mention the zoosporangia or the sex organs; but 
from his naming the form so definitely, we must infer that he observed 
the sex organs of the species. 

In quite a different category from the occasionally induced struc- 
tures just considered, must be placed the resistant bodies which are 
regularly produced in the life cycle of certain Saprolegniaceae forming 
sex organs only rarely, or even lacking them entirely. 

In the genus Saprolegnia there have been reported a number of 
forms of this kind. Lindstedt (10) described a species of Saprolegnia 
which produced zoosporangia and zoospores typical of the genus, 
followed by spherical, pyriform, or more irregular bodies capable of 
germinating at once by characteristic Saprolegnia zoospores, or of 
remaining temporarily inactive and later germinating by a tube or by 
zoospores on the renewal of favorable conditions. Maurizio (n) 
also recorded three undetermined species of Saprolegnia which, after 
the formation of the characteristic sporangia, produced not sex organs 
but the irregular " Sporangienanlagen " which he considered significant 
from the phylogenetic point of view. In all probability conditions of 
culture are responsible for the behavior of the fungi in these instances ; 
since the method employed by both Lindstedt and Maurizio are shown 
by the exact physiological investigations of Klebs (7) to favor "gem- 
mae" formation, and to hinder the development of sex organs. In 
like manner the failure of Lechmere's (8) more recently described 
species of Saprolegnia to form oogonia under continued cultivation 
may be ascribed to his culture methods. Although Lechmere used 
pure cultures, he employed as a nutrient substratum egg albumin, a 
substance readily broken down into injurious compounds by the 
activity of the fungus. Indeed he even mentions (p. 168) changing 
the water of his cultures every day to keep them fresh. Had his cul- 
ture conditions been more favorable, it is reasonable to expect in the 
light of Klebs's investigations that the sporangia would not have 
presented such confusing abnormalities of development; and the 
torulose "gemmae" would readily have given place to the normal 
oogonia of the species {Saprolegnia torulosa) which Lechmere later 
(9) determined this fungus to be. Recently, however, Pieters (15) 
has subjected certain species of Saprolegnia to exact physiological 
investigation with interesting results. One of these forms, Saprolegnia 
Kauffmaniana, characteristically produced numerous sporangia and 
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"gemmae"; but formed sexual organs rarely under normal culture 
conditions, and in haemoglobin solution only at the specific concen- 
tration of 0.025 percent. Another form, Saprolegnia monoica var. 
vexans, after reproducing only non-sexually during sixteen months 
of cultivation on various substrata which had induced sex organs in 
other forms, finally produced an abundance of oogonia and antheridia 
under the influence of a combination of M/200 levulose and M/200 
leucin. Moreover, in addition to these two species, Pieters mentioned 
a Saprolegnia (no. 66) forming numerous single spherical "gemmae," 
and yet, during eighteen months of cultivation, absolutely failing to 
respond by the formation of sex organs to the usually successful 
methods of culture. 

In the genus Achlya, also, there have been reported somewhat 
similar forms which show a lack of sex organs coupled with the for- 
mation of resistant structures. Under the name of Achlya oidiifera 
Horn (4) described a form which under long continued observation in 
pure culture, and with the most exact methods of cultivation, showed 
consistent non-sexual reproduction. None of the conditions by which 
Horn induced the formation of great numbers of oogonia in Achlya 
polyandra de B. were successful in the case of Achlya oidiifera. In- 
stead, there developed oidia-like hyphal segments which formed 
zoospores at once, or rested even as long as a month and were still 
capable of further growth. In his study of Achlya oidiifera, Horn 
observed oogonia only once within an ant egg on which he had grown 
the fungus ; and although no antheridia were found on account of the 
advanced stage of development, the pits on the oogonium wall, and 
the eccentric zoospores, suggested Achlya polyandra de B. or some other 
member of the prolifera group. 

More recently Coker (1) made a careful study in pure culture of 
Achlya paradoxa, a species frequently collected by him in North 
Carolina, and unique in the aberrant behavior of its zoospores. The 
fungus when isolated from single zoospores produced zoosporangia 
and " chlamydospores " in abundance. Although the form was for a 
long time maintained in pure culture under a variety of conditions, 
sexual organs proved very rare. They were observed but a few times, 
and their formation could not be induced by a great variety of sub- 
strata including nutrient solutions of various kinds containing organic 
or inorganic salts. 

The peculiar Achlya described by the writer in the earlier part of 
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this paper differs from A. oidiifera and A. paradoxa in the distinct 
morphological character of its resistant spores and in the absolute lack 
so far of any sexual reproduction. The destruction of stock cultures 
has prevented testing the effect of mixtures of leucin and levulose in 
the proportions found successful by Pieters (15) in inducing oogonium 
formation in Saprolegnia. It is possible that this Achlya also would 
yield to this combination or to some other more suited to its own 
physiologic idiosyncrasies. In view of such a possibility it does not 
seem advisable to assign a specific rank and name to the Achlya de- 
scribed above. Both physiologically and morphologically this Achlya 
differs from the other members of the genus ; but further investigation 
might result in inducing the formation of sex organs, and might prove 
the fungus to be a variety of some already established species. 

The significance of these Saprolegniaceous forms which partially 
or completely lack sexual reproduction is not at once apparent. The 
few explanatory theories advanced by early investigators were based 
on the study of material under unfavorable conditions preceding 
methods of pure culture; and hence may be disregarded. Even the 
more modern investigators of such forms offer but little explanation 
of their significance. Maurizio's theory that asexual resistant spores 
(Sporangienanlage) are reminiscent of primitive, non -specialized 
structures from which both sporangia and oogonia have been evolved 
has been largely nullified by Klebs' exact researches on "gemma" 
formation. On the other hand, in Klebs' interpretation of "gemmae" 
as " Hemmungsbildungen " induced by conditions unfavorable to 
other stages of development, we have an explanation undoubtedly 
correct in most cases, yet hardly applicable to such distinct and con- 
sistently formed structures as the resistant spores of the Achlya that 
is the subject of this paper. 

An extremely significant suggestion, however, has been made by 
Pieters in a recent paper. Pieters' (15, p. 483) suggestion that "the 
production of sexual organs may depend on some special combination 
of conditions, differing, doubtless, for each form" is important in 
emphasizing the physiological difference existing among the species 
and varieties of the Saprolegniaceae. The members of the family, 
probably because they are coenocytic in structure, and are completely 
submerged in the culture media, are very sensitive to the nature of 
their environment. Morphologic studies reveal no reason why under 
the same conditions one form should produce oogonia and antheridia; 
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while another form seemingly identical should just as persistently 
fail to produce these organs. The physiologic investigations begun 
by Klebs, and carried on by a number of others, have gradually re- 
sulted in a far more enlightening conception of the family. Because 
of these investigations, we are, in the opinion of the writer, justified 
in regarding the Saprolegniaceae as a series of forms ranging from 
those which normally produce sexual organs, through forms which 
produce sexual organs only under unusual conditions, to forms which 
have entirely lost the power of sexual reproduction. 

On the basis of this ability to form sexual organs the Saprolegni- 
aceae may, for convenience, be divided roughly into three groups. 
First there are those forms which are strongly sexual producing an 
abundance of oogonia and antheridia even under adverse circum- 
stances. Here may be grouped Saprolegnia monoica de B., 5. diclina 
de B., Achlya polyandra de B., A. prolifera de B., and others. Second, 
there may be grouped together those forms which possess the power of 
sexual reproduction, and perhaps even show a sexual stage as a normal 
phase of their life cycle under unknown conditions of growth in 
nature, but which under investigation remain imperfect; because the 
exact conditions favoring sexual reproduction are not supplied. 
Here belong Achlya oidiifera Horn, A. paradoxa Coker, Saprolegnia 
Kauffmaniana Pieters, and others. Finally, there are certain forms 
which have lost the power to produce any sexual organs whatever. 
The Achlya that is the subject of this paper, the Saprolegnia no. 66 
of Pieters, as well as other forms not as yet recognized as imperfect, 
should be placed in this category. 

The statement that these fungi are absolutely incapable of sexual 
reproduction cannot be made logically, of course, until they have been 
grown under every possible condition. Even if these forms should on 
later investigation be found to possess latent powers of sexual repro- 
duction, it seems probable that the category of non-sexual Sapro- 
legniaceous forms will still persist. It has long been recognized that 
the male reproductive organs or antheridia are invariably developed 
in some Saprolegniaceous species, occasionally in others, and never 
in some. In the genus Saprolegnia particularly, one can trace all 
gradations from forms normally developing antheridia in abundance, 
through forms in which antheridia occur rarely but may be induced, 
to truly parthenogenetic forms. In the opinion of the writer, a quite 
similar condition also obtains with regard to the oogonia of the Sapro- 
legniaceae. 
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The lack of sexual reproduction, of a "perfect stage," is not un- 
common in the fungi in general. The resemblance of the condition 
existing in the Achlya which is the subject of this paper to that of 
certain Fungi Imperfecti is, of course, obvious. Moreover, the genus 
Apodachlya in the closely related Leptomitaceae and the genus Blas- 
tocladia in the Blastocladiaceae furnish an interesting comparison to 
the Achlya described above. It is worthy of note that a loss of sexual 
reproduction is, at least in the forms just mentioned, concomitant 
with the production of more or less resistant nonsexual spores. This 
is particularly noticeable in Apodachlya and Blastocladia ; since all 
the known species of these two genera (save perhaps the doubtful 
Apodachlya completa of Humphrey) alike exhibit a consistent pro- 
duction of zoospores and resistant spores with an attendant lack of 
sexual organs. If the dangerous luxury of theorizing about the evo- 
lutionary origin of such structures were permissible, they might be 
regarded as adaptations evolved to withstand unfavorable conditions 
in forms that were gradually losing the sexually produced spores that 
generally serve this purpose. Disregarding the purely theoretical 
origin of this condition in the Achlya under discussion, however, the 
actual condition itself remains; and in whatever way this Achlya may 
be interpreted it at least presents an interesting case of a very distinct, 
and well defined, but non-sexual representative of a Saprolegniaceous 
genus usually strongly sexual. 

SUMMARY 

1. In the method of zoospore production and liberation, and in 
the character and behavior of the zoospores themselves, the fungus 
that is the subject of this paper distinctly belongs to the genus Achlya. 

2. In contradistinction to most species of the genus, this fungus, 
as far as observed, entirely lacks sexual reproduction, nor does it 
produce oogonia and antheridia under the methods of culture usually 
successful in inducing these organs. 

3. The fungus is distinguished by the consistent production, under 
widely varying conditions, of resistant spores of non-sexual origin 
and distinct morphological characteristics. These spores differ from 
the "gemmae" described for other species in their regular occurrence 
and clearly defined structure. 

4. The writer regards this fungus as an Achlya that has lost its 
sexual reproduction — the resistant function usually assumed by the 
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spores of sexual origin being in this case taken over by the non-sexual 
resistant spores. 

Federal Horticultural Board, 
U. S. Dep't of Agriculture 
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EXPLANATION OF PLATE XVIII 

The figures were drawn from living material at the level of the stage, with the 
aid of an Abbe camera lucida. The approximate magnification of the combination 
of lenses used is given in each case, but applies to the original figures, which have 
been reduced to about yi their diameter in reproduction. 

Fig. 1. Emptied sporangium with hollow sphere of escaped sporangiospores 
adherent to the tip. Beneath the sporangium a resistant spore has already formed. 

X 550. 

Fig. 2. Group of 5 escaped sporangiospores. From one now empty, a secon- 
dary zoospore has already escaped; another shows a papilla of dehiscence forming. 
X 1,400. 

Fig. 3. Laterally biciliate zoospore showing its peculiar shape. The groove 
from which the cilia arise is above. X 1,400. 

Fig. 4. Encysted zoospore after coming to rest. X 1,400. 

Fig. 5. Germination of such an encysted zoospore. X 1,400. 

Fig. 6. Portion of mature mycelium bearing several resistant spores. X 150. 

Fig. 7. Intercalary resistant spore. X 220. 

Fig. 8. Two intercalary resistant spores of somewhat irregular shape. X 220. 

Fig. 9. Abjunction of a terminal resistant spore by the rupture of its delicate 
outer wall. X 350. 

Fig. 10. Formation of three resistant spores in basipetal series. X 350. 

Fig. 1 1 . Germination in nutrient agar of a resistant spore by means of a vigorous 
germ tube. X 350. 

Fig. 12. Germination in pure water of a resistant spore forming a typical 
Achlya sporangium. Some of the adherent spores have been washed away showing 
their arrangement in a hollow sphere. X 350. 



